I ndigenous peoples experience an excess burden of diabetes-related end-stage renal disease, [1] [2] [3] [4] but the reasons for this disparity are incompletely understood. Although the increase in end-stage renal disease among indigenous peoples has paralleled the global emergence of type 2 diabetes mellitus, 5 disparities in end-stage renal disease among Canada's First Nations adults persist 2 after adjustment for elevated prevalence of diabetes. 6 In an earlier study, we suggested that First Nations adults might be more prone to diabetic nephropathy and might experience more rapid progression to end-stage renal disease. 7 However, although albuminuria is more prevalent in this population, 8 affected individuals unexpectedly have a longer average time from diagnosis of diabetes to end-stage renal disease than people from non-First Nations populations. 2 These findings could be explained by a younger age at the time of diabetes diagnosis 6 and lower mortality among those with chronic kidney disease. 8 An age-related survival benefit among First Nations adults with diabetes could lead to longer exposure to the metabolic consequences of diabetes and greater likelihood of end-stage renal disease.
Our objective was to examine the contribution of differential mortality to disparities in diabetesrelated end-stage renal disease within large populations of indigenous and non-indigenous North Americans. Accordingly, we used competing-risks survival analysis to compare the simultan eous risks of diabetes-related end-stage renal disease and death without end-stage renal disease among First Nations and non-First Nations adults. 9
Methods

Study populations
In this retrospective, population-based cohort study, we examined the competing risks of end-stage renal disease and death without end-stage renal disease among Saskatchewan adults in whom diabetes was diagnosed from 1980 to 2005, using data from the province's physicians' services, hospital separation and person registry databases. The study was approved by the University of Saskatchewan Research Ethics Board, and its populations have been previously described. 2, 6 Briefly, the Can adian province of Saskatchewan has a population of about 1 million. About 99% of its citizens are beneficiaries of a universal health care system that generates administrative data for the Ministry of Health. Beneficiaries were subdivided into selfidentified First Nations registered under section 6 of the Indian Act of Canada and non-First Nations. The latter are predominantly white, but this group also includes nonregistered First Nations (< 0.5%) and Métis (of mixed First Nations and non-First Nations heritage; about 5%). 6 We identified cases of diabetes using a validated algorithm. 6, 10 For each participant, the diabetes incident year was the first calendar year in which the case definition was met. We excluded persons whose diabetes occurred before age 20 years and women with gestational diabetes. 6 We identified end-stage renal disease using an algorithm based on physicians' fee-for-service codes for long-term dialysis and renal transplantation. 2 The incident year for end-stage renal disease was the calendar year in which the person started dialysis or underwent a pre-emptive transplant. 2 Although we could not identify the underlying cause, cases of end-stage renal disease that occurred in the same year as the case definition for diabetes was met (or thereafter) were designated as diabetes-related end-stage renal disease. Time from diagnosis of diabetes to diagnosis of endstage renal disease was designated as 0.5 years when the 2 diagnoses occurred in the same calendar year. We excluded people whose end-stage renal disease occurred before diabetes. Finally, we obtained sex, birth year, death year and loss of health care coverage for all study participants.
Statistical analysis
We compared the distributions of individuallevel variables between ethnic groups using t tests and χ 2 tests. The significance level for all descriptive, univariable and multivariable analyses (including interactions) was 0.05.
We used competing-risks survival analysis to compare the simultaneous risks of end-stage renal disease or death without end-stage renal disease in the 2 populations. 9 Survival time was the number of years from the age of diabetes diagnosis until either diagnosis of end-stage renal disease or death without end-stage renal disease. We previously compared different statistical modelling approaches to optimize the analysis of competing-risks data. 11 Accordingly, for the current study, we used the Fine and Gray model, 12, 13 a semiproportional subhazards model that provides the cumulative incidence (or subdistribution) of each event of interest (diagnosis of end-stage renal disease or death before endstage renal disease) while simultaneously considering the competing risk of the other outcome. Thus, people who die before end-stage renal disease occurs are not censored in a way that might bias the estimates, as is possible in a Cox causespecific analysis. First, we used univariable analysis to test whether there was a significant effect of ethnicity, sex or age at diabetes diagnosis. For the multivariable analysis, we included predictors shown to be significant in the univariable analysis, as well as significant interactions. We created cumulative incidence function curves to illustrate the probability of end-stage renal disease or death without end-stage renal disease by sex and ethnicity over the study period. We plotted the overall cumulative incidence of the 2 events against years since diabetes diagnosis and compared sex-specific results using Gray's test. 14 We also stratified curves by age at diabetes diagnosis (20 to < 40 yr, 40-60 yr, > 60 yr).
We performed statistical analyses with SAS software, version 9.2 (SAS Institute, Cary, NC) and R-package cmprsk (www.R-project.org).
Results
Study population
From 1980 to 2005, a total of 90 429 cases of diabetes meeting our study criteria were identified in Saskatchewan ( Figure 1 ). The mean age at diabetes diagnosis among the 8254 First Nations individuals was 47.2 years, and 3718 (45.0%) were male ( Table 1) . Among the 82 175 non-First Nations individuals, the mean age at diagnosis was 61.6 years, and 44 820 (54.5%) were male. For First Nations individuals, diabetes was most often diagnosed up to age 60 (6777 or 82.1%), whereas among non-First Nations individuals, diabetes was most often diagnosed after age 60 (46 025 or 56.0%). End-stage renal disease occurred in 200 (2.4%) of the First Nations participants, and 1482 (18.0%) of this group died without end-stage renal disease. End-stage renal disease occurred in 600 (0.7%) of the non-First Nations individuals, and 28 450 (34.6%) of this group died without endstage renal disease. Overall, 53 627 (59.3%) of the cases were censored (> 90% of these because the end of the study period was reached and about 7% because of loss of health care coverage).
Competing-risks analysis
Univariable models showed that male sex increased the risk for both events of interest (endstage renal disease and death without end-stage renal disease) ( Table 2 ). The risk of end-stage renal disease was 3.86 (95% confidence interval [CI] 3.29-4.53) times higher among First Nations participants than among non-First Nations participants, but the risk of death without end-stage renal disease was only 0.49 (95% CI 0.47-0.52) as high among First Nations participants. Increasing age at the time of diabetes diagnosis reduced the risk of end-stage renal disease but increased the risk of death without this condition.
The final multivariable model showed that the risk of end-stage renal disease was 2.66 times higher among First Nations participants than among non-First Nations participants (Table 3) . Men experienced a 49% higher risk of end-stage renal disease than women. Increasing age at the time of diabetes diagnosis reduced the risk of end-stage renal disease by about 3% per year after adjustment for ethnicity and sex. There were no significant interactions. The final multivariable model for death without end-stage renal disease showed interactions between sex, ethnicity and age at the time of diabetes diagnosis. Like the univariable model, the multivariable model showed that increasing age at the time of diabetes diagnosis and male sex increased the risk of death without end-stage renal disease. Unlike the univariable model, however, the multivariable model showed that First Nations participants experienced a higher risk of death without end-stage renal disease than non-First Nations participants in a significant interaction with age at time of diabetes diagnosis (after adjustment for sex). Thus, the degree of elevation in the hazard ratio for death without end-stage renal disease among First Nations compared with non-First Nations individuals slowly diminished with increasing age at the time of diabetes diagnosis.
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Cumulative incidence function curves
Cumulative incidence function curves for endstage renal disease ( Figure 2 ) and death without end-stage renal disease (Figure 3) , both overall and stratified by age at the time of diabetes diagnosis, were generated by ethnicity and sex. Overall, there were significant differences among the 4 complete groups (First Nations men, First Nations women, non-First Nations men, non-First Nations women) in the probability of both endstage renal disease and death without end-stage renal disease (p < 0.001). First Nations individuals experienced a higher probability of end-stage renal disease and a lower probability of death without end-stage renal disease over time than non-First Nations individuals. For each overall outcome, men from both ethnic groups experienced a significantly greater risk than women with increasing duration of diabetes. The ethnicitybased disparity in risk of end-stage renal disease was present regardless of age at the time of dia-betes diagnosis. However, the curves for risk of end-stage renal disease over time flattened progressively in both groups with increasing age at time of diabetes diagnosis. Thus, among both First Nations and non-First Nations participants who were older than 60 at the time diabetes was diagnosed, end-stage renal disease occurred in less than 5%, even after 25 years of diabetes. Despite the overall higher risk of death without end-stage renal disease among non-First Nations individuals over time, ethnicity-based disparities were less clear when stratified by age at the time of diabetes diagnosis. Apart from those in whom diabetes was diagnosed the earliest, the most consistent differences were observed between sexes: compared with women, men with diabetes diagnosed in all age strata (both First Nations and non-First Nations) had a greater risk of death without end-stage renal disease with increasing duration of diabetes. In contrast to end-stage renal disease, the cumulative incidence of death without end-stage renal disease over time was progressively higher with each increase in age stratum for time of diabetes diagnosis.
Interpretation
Differential mortality amplifies the risk of endstage renal disease among First Nations adults with diabetes. Because they are younger than non-First Nations individuals when diabetes first develops, First Nations individuals are more likely to survive long enough for end-stage renal disease to occur, presumably because of lower cardiovascular mortality. 15 This phenomenon occurs in the formerly perplexing context of higher age-adjusted mortality among First Nations individuals with diabetes. 8, 16, 17 It also explains our earlier observation that the time from diabetes diagnosis to end-stage renal disease is significantly longer among First Nations individuals, 2 despite evidence for poorer quality of diabetes care 18, 19 and a larger proportion of patients with early diabetic nephropathy. 8, 20 These findings are notable because they reveal an important mechanism underlying ethnicity-based disparities in endstage renal disease that has serious long-term implications for First Nations and other indigenous populations. They may also help to explain similar disparities in other diabetic complications. 20, 21 Although differences in diabetes-related incidence of end-stage renal disease have diminished between First Nations and non-First Nations popu lations in Canada 2 and between comparable populations in the United States, 22 significant ethnicity-based disparities in end-stage renal disease persist 2, 22 and have remained incompletely understood. Known contributing factors include genetic 3 and other prenatal determinants, 23 ronmental factors such as glycemic and blood pressure control 8, 24 and social determinants such as quality of and access to health care. 18, 19 We have now confirmed that an age-related survival advantage after diabetes diagnosis also contributes to the elevated risk for diabetes-related end-stage renal disease among First Nations individuals. End-stage renal disease and death without endstage renal disease are competing risks among people with diabetes, because each precludes the other. 9 Because end-stage renal disease reduces quality of life and its treatment is resource intensive, death after a normal life span without endstage renal disease is the preferred outcome. Nonetheless, few studies have considered this issue among people with diabetes. Agarwal and associates 25 and Derose and colleagues 26 examined the predictors of end-stage renal disease versus death among people with all-cause chronic kidney disease, as did the FinnDiane Study Group among people with type 1 diabetes. 13 We are not aware of any other population-based studies that have examined the contribution of competing risks to ethnicity-based disparities in diabetes-related endstage renal disease between indigenous and nonindigenous peoples. However, our findings are consistent with the results of a study comparing Pima Indians with onset of type 2 diabetes in youth or adulthood. In that study, a higher incidence of end-stage renal disease in the younger cohort by middle age was largely attributable to longer duration of diabetes. 27 The implications of our findings are sobering. Among First Nations adults, type 2 diabetes is increasingly occurring during younger decades of life. 6 Among First Nations children, the prevalence of diabetes tripled between 1980 and 2005, 28 and the offspring of these individuals are in turn experiencing an even higher risk of childhood type 2 diabetes. 29 These demographic trends suggest that steadily increasing numbers of young First Nations individuals will face prolonged exposure to the metabolic consequences of type 2 diabetes. Without substantial improvements in the prevention and treatment of this disease, this pattern will likely translate into increasing numbers of First Nations people with diabetes-related end-stage renal disease and possibly other chronic diabetic complications.
What can we learn from these observations? First, they reinforce the need for an emphasis on diabetes prevention and management initiatives for First Nations children and young adults, with 
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Male-female comparisons: First Nations: p > 0.9 Non-First Nations: p < 0.001 Figure 2 : Cumulative incidence function curves for end-stage renal disease (ESRD) in study populations, for all ages and stratified by age at time of diabetes diagnosis. For most First Nations participants, diabetes was diagnosed when they were 60 years of age or younger, when the incidence of ESRD is higher. Conversely, for most non-First Nations participants, diabetes was diagnosed when they were older than 60 years of age, when the incidence of ESRD is lowest. Particularly among First Nations people, men consistently experienced a trend toward higher incidence of end-stage renal disease than women, regardless of age group at time of diagnosis, although the differences for comparisons with small sample sizes were not significant.
particular attention to diabetes in pregnancy. 6 Second, strategies to postpone type 2 diabetes should be considered: if the occurrence of diabetes can be delayed, it seems plausible that the risk of chronic complications and premature deaths will be reduced. Finally, addressing disparities in both accessibility and quality of diabetes care 8, 19 is imperative to achieve therapeutic targets for glycemic, blood pressure and lipid control. 18, 19 Although the reasons underlying these disparities are complicated, they are also modifiable, and substantial improvements are likely during even the early stages of resolution.
Strengths and limitations
The strengths of this analysis include long duration of the study period, consideration of total populations, use of validated algorithms for both diabetes and end-stage renal disease, and our ability to distinguish First Nations and non-First Nations populations. 2, 6 We previously evaluated the most appropriate competing-risks methodology for analyzing this kind of data 11 and, on the basis of that evaluation, used Fine and Gray models for the current analysis, as has been proposed by others. 13 The limitations of the study include our inability to control for important predictors of end-stage renal disease and death without end-stage renal disease, such as glycemic, blood pressure and lipid control, and related changes in medical practice, such as the introduction of angiotensinconverting enzyme inhibitors, 30 that occurred during the course of the study period. However, these factors would not have affected the difference in age of diabetes onset between First Nations and non-First Nations people. We were unable to identify indigenous people other than First Nations, but this limitation would lead to underestimation of the real differences between First Nations and non-First Nations populations. We were also unable to distinguish between type 1 and type 2 diabetes or among various causes of end-stage renal disease (diabetes versus other causes). Finally, the Fine and Gray model assumes proportional hazards 12 between groups in the risks for end-stage renal disease and death without end-stage renal disease over time. We do not know if that assumption is entirely correct, but when we used Cox cause-specific models to analyze our data, the results (not shown) were very similar to those reported here.
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Conclusion
In this competing-risks analysis, First Nations adults experienced a higher risk of both end-stage renal disease and death without end-stage renal disease. However, most non-First Nations individuals are older than 60 at the time of diabetes diagnosis, when cumulative risk of end-stage renal disease is lowest, and most First Nations adults are much younger when diabetes occurs, when the cumulative risk of end-stage renal disease is highest. Therefore, First Nations adults with diabetes are more likely to survive long enough to experience end-stage renal disease and possibly other chronic diabetic complications. More effective primary prevention initiatives are urgently needed to reduce the incidence of type 2 diabetes. Among those with diabetes, reduced rates of microalbuminuria and slowed progression of chronic kidney disease are achievable through early diagnosis, cessation of smoking and achievement of established clinical practice guideline targets for glycemic, blood pressure and lipid control. Finally, we suggest that delaying the onset of type 2 diabetes should now be considered in the overall strategy for reducing diabetes complications. Further research is required to evaluate the cost and effectiveness of screening for and treating pre-diabetes among indigenous peoples and others.
